CMAQ-Satellite Comparisons Worksheet
CMAS 2009 NASA Satellite Training

October 14-16, 2009.
The goal of this exercise is to conduct a comparison between satellite data products and CMAQ model output, and to learn how satellite imagery can be use to complement/understand CMAQ model output.
To begin choose one of the two following events:

Event 1: May 16-22, 2007, United Arab Emirates and Saudi Arabia (we suggest you begin with this event).
Event 2: September 8-16, 2005 over North America

Model Output Data Products:

1) You will be provided with several model products, including the following: 

·  Surface PM2.5 species concentrations 
· NO2 Tropospheric Column Density 
· Column AOD 

Satellite Data Products

1) You will be provided with two satellite products on the 36x36 km CMAQ grid:

· OMI NO2 Tropospheric Column Density
· OMI Aerosol Optical Depth at 483.5 nm (for UAE event only).
2) You will also be provided with GIF images of the same two satellite products at 0.25x0.25 degree resolution:

· OMI NO2 Tropospheric Column Density
· OMI Aerosol Optical Thickness/Depth  at 483.5 nm 
3) You will also be provided with a KMZ datafile with various layers of satellite and NAAPS model data. Upload the datafile onto Google Earth and practice examining the various layers together and individually.
4) As needed, or if the Google KMZ data file is not available, generate additional satellite products using the tools we learned during the past two days. Here are some suggested steps.
a.   Select the area and date of interest.

b.
Download true color and AOD images from the internet.  Note that there are several places on the internet where you can find global true color and AOD images.  

c.
Download OMI Aerosol Index and NO2 imagery (Giovanni or KNMI).
d.     Upload the True Color, AOD, and OMI  images onto Google Earth
e.     You may also go to the NRL FLAMBE site and download the composite Google Earth File to obtain the MODIS True Color image, forecast aerosol model, and fire locations.
Additional Data Sources

Back-trajectories have been included in the Google Earth KMZ data file.

Time permitting, run additional HYSPLIT trajectories.  Backward trajectory analysis is useful for ascertaining the origins and sources of pollutants, while forward trajectory analysis is helpful for determining the dispersion of pollutants.  If you have time, run both a forward and a backward trajectory  analysis.  
Alternatively, use the Synergy Tool to generate backwad trajectories from the nearest AERONET station.

Suggested Steps for  CMAQ-Satellite Comparisons

1) Model and satellite NO2 column comparisons.
· Are there any areas of high NO2  in the satellite data that are missing in the CMAQ model output ?  
· How does the OMI NO2 36-km x 36-km satellite image compare with the higher resolution 0.25° x0.25° OMI NO2 image ?  Which of the two images did you find more useful for the model/satellite comparisons ?
2) Comparisons among modeled PM2.5, modeled AOD, and satellite  AOD 
· Satellite data: Are there any differences between the MODIS AOD and OMI 

AOD ? explain the cause for the differences (quantitative or geographical).

· Identify the type of pollution event. Is the high aerosol area for your event due to dust, smoke, or haze ?.  Also take a look at the relevant PM2.5 species and available precursors to examine the potential source of the pollution.
· Compare the model AOD to both the MODIS AOD and OMI AOD.  Identify any areas of high AOD. Which particular PM2.5 species is contributing to the high

AOD ?

· Examine the back-trajectory in the KMZ data file. What type of aerosols can you indentify along the back-trajectory for each day along the back-trajectory ? Each triangle in the back-trajectories represents the previous day.
· How does the OMI AOD 36-km x 36-km satellite image compare with the higher resolution 0.25x0.25 degree OMI AOD image ?  Which of the two images did you find more useful for the model/satellite comparisons ?
· Are there any areas of high AOD in the satellite data that are missing in the CMAQ   PM2.5 model output  ?
3) CALIPSO Mask Curtain Plots – These have been included in the KMZ. Yellow color indicates that aerosols are present. Blue color indicates that clouds are present. Discuss any additional information provided about the vertical location of the aerosols. Are they near the surface and likely to contribute to poor air quality ? Is this consistent with the modeled PM2.5 concentrations ? 
You can also generate your own curtain plot using either Giovanni (instructions at the end of our initial Giovanni hands-on activity on Day-1), or by going to:

http://www-calipso.larc.nasa.gov/products/lidar/browse_images 

4) Additional aerosol information from AERONET.  Click on the AERONET marker in the Google Earth KMZ file (yellow thumb tack). You will be directed to the AERONET site for additional information.
